Background: Understanding how hospitals functioned during the 2009 influenza A(H1N1)pdm09 pandemic may improve future public health emergency response, but information about its impact on US hospitals remains largely unknown.
ED visits and inpatient admissions during the pH1N1 fall wave with previous years as baseline. Second, we compared ED and inpatient admission volume between the pH1N1 fall wave and the 2003-2004 influenza season, the most severe season in the last decade. 9 Third, we compared in-hospital mortality for selected conditions in high-surge, mediumsurge, and nonsurge hospitals during the pH1N1 fall wave. Table 1 provides an overview of data sources and methods.
Data Sources
Patient-encounter data came from HCUP State Inpatient Databases (SID) and State Emergency Department Databases (SEDD). 6 HCUP contains patient age, sex, primary expected payer, severity of illness, length of stay (inpatient only), and discharge disposition. 10 We identified patient comorbidities using the Elixhauser Comorbidity Software. 11 We included data from 2387 and 1832 acute care hospitals and EDs, respectively, in 26 SIDs and 19 SEDDs (Supplemental Digital Content 1, http://links.lww.com/MLR/ A418 for map of included states). We analyzed ED treat-andrelease visits, all ED visits, and inpatient admissions, as well as inpatient census:bed ratio. We considered the following patient subcategories: pregnancy and elective admissions with a procedure performed 12 (Supplemental Digital Content 1, http://links.lww.com/MLR/A418 for detailed definitions).
Hospital size, ownership, and teaching status were derived from the American Hospital Association's (AHA) 2008 Annual Survey. 13 Influenza cases were generally uncommon during the fall seasons of baseline years, except 2003. To provide a meaningful comparison between periods; therefore, we based our main analyses on total encounters and pneumonia and influenza (P&I) encounters (Supplemental Digital Content 2, http://links.lww.com/MLR/A419 for influenza-only analysis).
Study Periods
For our primary analyses, we used ILINet to identify hospital-specific pandemic periods 8 during fall 2009, defined as weeks in which influenza-like illness activity in a hospital's Core Based Statistical Area 14 was >3 SDs above baseline. 3, [15] [16] [17] We restricted each hospitals' data to its Core Based Statistical Area-specific pandemic time period.
Not all hospitals, especially those in rural locations, could be included in this primary analysis since the ILINet surveillance did not encompass all geographic regions. Therefore, we performed a sensitivity analysis using all *If a facility did not report SID or SEDD data during a baseline year, we imputed the missing data using average values from the available baseline years. We required the baseline comparison periods to have no more than approximately 10% of imputed data. 
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ED and Inpatient Volume
To measure the extent of inpatient surge during the pH1N1 fall wave, we calculated the difference between admissions during the pandemic period and mean admissions during corresponding weeks in prior years separately for each hospital. We then divided the difference by the SD of the baseline number of admissions (Z-score). We categorized hospitals based on the Z-score as follows: "high-surge hospitals" (Z-scoreZ2), "medium-surge hospitals" (0 < Zscore < 2), and "no-surge hospitals" (Z-scorer0). We repeated these analyses with uniform pandemic periods and used an analogous approach with ED data.
Next, we calculated the hospital-specific weekly census:bed ratio to account for patients admitted to the facility and patients who were still in the facility during pandemic weeks (ie, the number of patients who were present in the hospital during an outbreak week divided by the number of "set up and staffed" hospital beds). We compared the 2009 pandemic census:bed ratio to the hospital-specific baseline average for corresponding weeks in previous years.
We also compared ED visits and inpatient admissions during the pH1N1 fall wave with those during the severe 2003-2004 influenza season. Given the different length of influenza activity periods in this analysis, we compared average daily volumes and cumulative volumes.
Mortality Risk Analyses
To assess whether increased patient volume during the pH1N1 fall wave impacted hospitals' capabilities to deliver quality health care, we analyzed the mortality risk for patients with conditions commonly used to assess hospitals' processes of care: adults with acute myocardial infarction (AMI), congestive heart failure (CHF), stroke, traumatic injury, and pediatric patients with traumatic injury or chronic comorbidities. For each condition, we assessed the association of in-hospital mortality with surge (high, medium, and no surge) during the pH1N1 fall wave. We analyzed encounter-level data with multivariable logistic regression models controlling for patient sex, age, comorbidities, P&I diagnosis, severity of illness, hospital bed size, teaching status, and ownership. To control for baseline quality of care, we included the 2008 hospital-specific mortality rate for the studied clinical condition as a covariate. We used 2008 rather than the whole range of 2003-2008 to establish the baseline mortality for the regression analyses to avoid confounding with secular trends in improved care for these conditions from 2003 
RESULTS

Encounter Volume in Pandemic and Comparison Periods
We obtained hospital-specific pandemic period information for 1047 (43.9%) SID hospitals and 760 (41.5%) SEDD hospitals. Pandemic activity lasted a median of 8 weeks for each hospital.
Using the hospital-specific pandemic period, EDs had 4,468,880 total visits and 3,756,251 treat-and-release encounters during 2009 pandemic weeks, an approximately 18% increase over baseline (P < 0.05, Table 2 and Supplemental Digital Content 2, http://links.lww.com/MLR/A419). More than 88% of EDs experienced an increase in visits. Sensitivity analyses using the uniform pandemic period demonstrated smaller percentage increases ( Table 2 ).
In comparison with 2003-2004 seasonal influenza, total ED encounters and treat-and-release ED encounters per day were 31% and 34% higher, respectively, during the pH1N1 fall wave. Much of the increase was due to visits with diagnostic codes for conditions other than P&I (Table 3) . Total hospitals admission volume was similar during pandemic and baseline weeks (statistically insignificant 0.4% increase during pandemic weeks, Table 2 ). Although fewer than half of hospitals had any increase in admissions, about 8% had more than a 20% increase in admissions over baseline; 10% of hospitals had greater than a 20% increase in census:bed ratio.
Our sample included 106 high-surge hospitals (10%), 386 moderate-surge hospitals (37%), and 555 hospitals (53%) that had no surge in admissions. High-surge hospitals were of similar size, ownership, urban/rural location, and teaching status as the other hospitals (Table 4) .
In contrast to all-cause admissions, there was widespread surge in P&I admissions associated with the pH1N1 fall wave, with >87% of hospitals experiencing an increase over baseline. Yet when the pH1N1 fall wave was compared with the 2003-2004 influenza season, daily P&I admissions were decreased by 22% ( Table 2) .
In fall 2009, hospital admissions for births and other delivery-related conditions declined by 5.5% compared with previous years, making it the clinical category responsible for the largest reduction of admissions. We did not find a consistent pattern of decreases in elective admissions for procedures (data not shown).
In-hospital Mortality and Surge
Patients with stroke, CHF, or AMI at a high-surge hospital had a significant increase in mortality risk compared with patients with those conditions at no-surge hospitals (Fig. 1 ). There was no association between hospital surge level and mortality risk for adult or pediatric trauma or for pediatric patients with chronic conditions. CHF and AMI patients admitted to hospitals in 2008 that experienced high surge in 2009 had statistically significant higher mortality risk (data not shown). Yet after adjusting for 2008 mortality rates, an elevated mortality risk remained at hospitals experiencing high surge in 2009 pandemic weeks for patients with AMI and stroke (Fig. 1) . Sensitivity analyses using the uniform pandemic period gave similar results. We found no significant association between ED surge and in-hospital mortality, and these findings were not sensitive to alternative definitions of ED surge based on different Z-score cutpoints.
DISCUSSION
During the pH1N1 fall wave, we found large increases in ED visits over baseline, but only a subset of hospitals experienced high inpatient surge. We found evidence that hospitals with poorer prepandemic outcomes may have even poorer outcomes during times of surge.
The combination of unchanged total hospital admissions and increased P&I admissions over baseline during the pH1N1 fall wave suggests an offsetting decrease in admissions for other conditions. Although pregnant woman made up a disproportionate share of patients admitted for influenza complications 18, 19 during the pandemic, hospitals experienced a relatively sharp decline in the total number of laborrelated and delivery-related admissions. The reduction in births was a likely consequence of the concurrent US economic slowdown 20 and may have offset one third of the increase in admissions due to P&I.
In contrast to inpatient volumes, high surge in EDs was not associated with increased mortality risk for inpatients with the conditions considered. A number of factors, including changes in staffing and operations, likely contributed to the ability of EDs to surge. These efforts merit additional investigation as they could provide valuable lessons for the future.
The SID and SEDD used in this study cover a subset of states. Nevertheless, the states in our analyses still represent 54% and 41% of the US population, respectively. HCUP provides the most comprehensive data available on hospital and ED use at the encounter level. When combined with ILINet, HCUP's broad geographic representation and inclusivity of all ages and payers allowed a more detailed analysis of health care utilization than would have been possible using administrative data from Medicare or individual health plans. Our study is subject to important limitations. The associations among influenza activity, cardiovascular events, and mortality have been frequently described. 21 Also, respiratory infections have been associated with stroke incidence and stroke severity. 22 Our mortality risk analysis could have been confounded if high-surge hospitals were associated with higher influenza activity than nonsurge hospitals and if mortality risk was higher in AMI patients with influenza than in AMI patients without influenza. However, we did not find evidence for such an interaction after adjustment for age, comorbidities, and severity of illness.
A further limitation may have been our definition of epidemic activity, although we considered both local and nationally representative pandemic periods. Alternative measures may have identified less extreme but more temporally durable excursion over the normal range. In addition, outbreaks in a given community may not immediately be reflected in the geographically proximate hospitals.
The finding that hospital-specific pandemic surge and mortality risk for selected conditions were associated with prepandemic quality of care provides an intriguing insight regarding the relationship between some specific measures of hospital quality and emergency-specific hospital preparedness. We cannot determine whether this increase in baseline mortality is due to patient mix, hospital care processes, or even residual confounding due to imbalanced effects of influenza on certain hospitals. 23 Despite these limitations, the finding offers a unique opportunity to consider the broader linkages between daily hospital operations and disaster preparedness. Structural and procedural efforts to increase some aspects of hospital quality have the potential to induce positive effects on acute and longer-term hospital emergency response capabilities. Improving baseline quality and providing additional support during surges may improve performance in hospitals with underlying quality issues. Support may include directing patients with selected conditions away from high-surge hospitals. However, more research is needed to fully elucidate the association between hospital quality and performances in emergency situations and assess how to best support hospitals during such events, before firm recommendations can be made.
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